Abstract A chemical process involves polymerization within microspheres, whereas a physical process involves the dispersion of polymer in a nonsolvent. Nano-sized monodisperse microspheres are usually prepared by chemical processes such as water-based emulsions, seed suspension polymerization, nonaqueous dispersion polymerization, and precipitation polymerizations. Polymerization was performed in a four-necked, separate-type flask equipped with a stirrer, a condenser, a nitrogen inlet, and a rubber stopper for adding the initiator with a syringe. Nitrogen was bubbled through the mixture of reagents for 1 hr. before elevating the temperature. Functional silane (3-mercaptopropyl)trimethoxysilane (MPTMS) was used for the modification of silica nanoparticles and the self-assembled monolayers obtained were characterized by X-ray photoelectron spectroscopy (XPS), laser scattering system (LSS), Fourier transform infrared spectroscopy (FTIR), scanning electron microscopy (SEM), elemental analysis (EA), and thermogravimetric analysis (TGA). In addition, polymer microspheres were polymerized by radical polymerization of γ-mercaptopropyl modified silica nanoparticles (MPSN) and acrylamide monomer via precipitation polymerization; then, their characteristics were investigated. From the elemental analysis results, it can be concluded that the conversion rate of acrylamide monomer was 93% and that polyacrylamide grafted to MPSN nanospheres via the radical precipitation polymerization with AAm in ethanol solvent. The microspheres were successfully polymerized by the 'graft from' method.
Introduction
The method to prepare microspheres varies with the use. Generally speaking, however, it can be divided into two parts; one is chemical process and the other is physical one. The chemical process is formed by polymerization within microspheres, whereas the physical process is composed by dispersion of polymer in nonsolvent. Nano-sized monodisperse microspheres are usually prepared by chemical processes such as water-based emulsions, seed suspension polymerization, nonaqueous dispersion polymerization, and precipitation polymerizations.
First and foremost, reviewing the precipitation systems which have microspheres prepared, [1] [2] [3] [4] [5] [6] [7] [8] we find out that the preparation of microspheres is not independent of the amount of cross-linking but dependent on the initial concentration of the monomers and the properties of the solvents or solvent mixtures. For example, Goh and Stover 1) studied the development of polymerization products as changing the initial concentration of the monomers and the properties of solvent mixtures. As they suggested, the polymer morphology map indicated that the soluble polymer, space-filling macrogels, gels, microsphere, and coagulum might be prepared, regardless of the degree of cross-linking. These results are easy to anticipate on the basis of conventional mechanisms. Moreover, those microspheres 9, 10) were prepared only at a low initial concentration of monomers like several weight percents or less. At a higher concentration, the coagulum was obtained despite of the use of stabilizers.
Second, the preparation of microspheres rests on the polymerization temperature. At the same level of initial monomer concentration, the microspheres could not be prepared at a lower temperature, 11) even if lower temperature redox initiators were applied. For instance, microspheres of poly(N-isopropylacrylamide) (PNIPAAm) were only prepared in the temperature ranging from 52 to 78 o C by precipitation polymerization in water. At the temperature below 50 o C, soluble polymers with lower molar masses were obtained.
Third, the conversion of a monomer to a soluble polymer increases the polymerization range even though most of the monomers is converted to microspheres. This represents that the polymerization in the continuous phase was independent of the microsphere formation and growth. [12] [13] [14] A variety of research groups have focused on the interaction between solvents and polymers and attempted to find the relationship between microsphere formation and properties of solvents. Yet, the interaction between solvents and monomer is not considered at this study now that it leads to the phase separation of the solvent/monomer prior to the polymerization. More specifically, it may happen although the solubility parameter of the monomer is usually used instead of the solubility of polymer. In fact, all the above-mentioned results strongly imply that the microspheres must be prepared in heterogeneous solutions in which the monomer phase is separated from the solvent, [15] [16] [17] rather than in homogeneous solutions. In this study, a functional silane (3-mercaptopropyl)trimethoxysilane (MPTMS) was used for the modi-fication of silica nanoparticles and the selfassembled monolayers obtained was characterized by X-ray photoelectron spectroscopy(XPS, THERMO VG SCIENTIFIC, MultiLab 2000), laser scattering system (LSS, TOPCON Co., GLS-1000), Fourier transform infrared spectroscopy(FTIR, Perkin Elmer spectrum GX), scanning electron microscope(SEM, HITACHI, S-2400), elemental analysis(EA, Elementar, Vario macro/micro) and thermogravimetric analysis(TGA, Perkin Elmer, TGA 7, Pyris 1). In addition, polymer microspheres were polymerized by radical polymerization of MPSN and acrylamide monomer via precipitation polymerization, and then were investigate its characteristics.
Experimental Procedure

Materials and reagents
In this study, α, α'-Azobis(isobutyronitrile)(AIBN) (Junsei) was used as a polymerization initiator; acrylamide monomer(Wako pure) and ethanol(SK) as solvents. MPSN was synthesized with (3-mercaptopropyl)trimethoxysilane (MPTMS).
Method 2.2.1 Grafted polymerization in ethanol
The polymerization was performed in a four-necked, separate-type flask equipped with a stirrer, a condenser, a nitrogen inlet, and a rubber stopper for adding the initiator with a syringe. Nitrogen was bubbled through the mixture of reagents for 1 hr. before elevating the temperature. We added acrylamide monomer(7.0 g) and ethanol (100 ml), and then added AIBN solution(0.03 g/30 ml ethanol) until 60 o C with a syringe little by little in the prepared γ-mercaptopropyl modified silical nanoparticles(MPSN). It was polymerized at 200rpm during 14 hrs. at 60 o C. After polymerization, added 100 ml ethanol, and then centrifuged(6000rpm for 1 hr.) to exclude unreacted monomer. This process being repeated three times, final products were obtained. The products were dried in vacuum at room temperature. As for the preparation procedure, it is summarized schematically at Scheme 1.
Analysis and characterizations
X-ray photoelectron spectrometer(XPS) used Thermo VG Sientific Multi LAb 2000 X-ray photoelectron spectrometer with 29.35 eV and Mg Kα line excitation source. Using monochromator on the basis of the binding energy of C1s, the analysis of binding energy was about 0.3 eV. Fourier transform infrared spectroscopy(FTIR) used Perkin Elmer spectrum GX FT-IR spectrometer. The morphology of the organo-modified silica nanoparticles was characterized by Hitachi S-2400 scanning electron microscope(SEM). The elemental analysis of C, N and H was measured by Elemental vario EL instrument. The contents of reacting sites, methacrylate groups were calculated from the elemental analysis results.
Results and Discussion
Elemental analysis
The elemental analysis results of nanospheres of MPSN Scheme 1. The preparation procedures to MPSN+PAA.
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and MPSN+PAA were shown in Table 1 . It is found that the conversion of acrylamide monomer was 93% which is calculated from the elemental analysis results. Consequently, the findings corresponded with the mechanism information of MPSN+PAA nanosphere as can be seen in Scheme 1.
FT-IR analysis
Infrared spectroscopy was used as a tool to provide information on the total or partial loss of silanol groups bonded to the original silica nanoparticles and to clarify the effect caused by the immobilization of organic groups on the surfaces of organo-modified silica nanoparticles. Let us take a look at the FTIR spectrum of MPSN+PAA nanosphere (Fig. 1) , N-H group, C=O group, N-H group and aliphatic C-H group present at 1615 cm . In this sense, this shows that hybrid microsphere was prepared with the proposed method. Table 2 with the XPS analysis. The C, N, S and O contents of bare SiO X nanoparticle were 20.77%, 0, 30.91% and 44.70%, respectively. And, the C, N, S and O contents of MPSN were 11.96%, 0, 35.38% and 52.66%, respectively. The surface element contents of C and N increase to 
Morphological analysis
Scanning electron microscopy is used for the morphology analysis and the images of MPSN and MPSN+ PAA. Fig. 5 shows MPSN and MPSN+PAA. MPSN has a poor dispersibility in ethanol. The diameter of MPSN+ PAA nanospheres is 20~80 nm. This is much bigger than the 7 nm of bare SiO X nanoparticles when used to prepare MPSN. It shows that the SiO X nanoparticles are grafted and partial acrylamide monomers are polymerized by itself, and then they are absorbed to the surface of MPSN+PAA, so they are encapsulated by PAA. The result may be due to the aggregation and adsorption between MPSN+PAA and free PAA, as shown in Scheme 11. The analytical results of MPSN and MPSN+PAA particle sizes are about 42 nm and 70 nm by Electrophoretic Light Scattering Spectro photometer. These correspond with images of SEM.
Thermal analysis
The thermal stability of MPSN is investigated by the TGA analysis (Fig. 6) . The weight loss of bare silica nanoparticles shows that the desorption of other gases have absorbed from the air at below 100 o C. There was the weight loss of MPSN at below 150 o C but the weight of MPSN is stabilized at almost all the temperature. Nevertheless, the weight loss appears in MPSN+PAA. The reason why this happens is that grafted acrylamide and free PAA occurred the weight loss by thermal degradation.
Conclusion
Given the elemental analysis results, it can be concluded that conversion rate of acrylamide monomer was 93%. In particular, in case of MPSN+PAA, the N(1s) was presented at 401.29 eV by XPS analysis, and the weight loss was generated by thermal degradation. In the light of these results, the polyacrylamide grafted to MPSN nanospheres via the radical precipitation polymerization with AAm in ethanol solvent. The microspheres were successfully polymerized by 'graft from' method.
